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OSCILLOSCOPE MAINTENANCE CONCEPTS 


SECTION V 
CRT CONCEPTS 


INTRODUCTION 


CRT Concepts is the fifth booklet in the modular training package, Oscilloscope Maintenance 


Concepts. 





Effective troubleshooting involves the application of general circuit concepts to each specific 
circuit you encounter. The concepts in this booklet are representative of current design in 


quality instruments. | | 


The subject matter is presented in a depth and style which recognizes your prior training and 
experience with circuit concepts and applications. A pre-test, study aid questions, and an end 


of booklet quiz help you evaluate your understanding of these concepts. 





You should retain this booklet for later use as a handy reference to recall concepts or 


applications. 
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OBJECTIVES 


After completing this material, you will be able to: 


1. 


Draw a block diagram of a typical single-beam oscilloscope's high-voltage power supply, 


consisting of: 


a. 


An oscillator driven high-voltage transformer. 


b. Acrt with grid, cathode, focus and astigmatism anodes, trace rotation coil, vertical and 


horizontal deflection plates, and shields. 


c. Acrt cathode supply providing —3 kV. 


A crt grid supply with approximate output voltage identified. 

A means of monitoring the cathode supply voltage and regulating it by controlling the 
oscillator current with an error amplifier. 

A crt anode supply providing a regulated positive voltage of approximately +12 kV, 


using voltage multipliers driven from the cathode supply winding of the hv transformer. 


. Ameans of safely dc coupling a2 V peak-to-peak signal, centered at zero volts, to the crt 


grid. 


. An autofocus circuit to keep the trace focused when intensity is changed. 


Typical adjustments found in the circuits above. 


. Explain the purpose of each of the blocks listed in objective (1) above, show signal paths 


and directions, relate the block diagram to actual circuitry, and identify the signal paths in 


the actual circuit. 


Describe the most apparent effects of the following adjustments: 


= 


^900759»f 


High voltage 
Grid bias 

Focus 
Astigmatism 
Trace rotation 
Y-axis alignment 


Geometry 
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4. Describe the operation of adc-restorer circuit such as is used in typical oscilloscope high- 


voltage circuits. 


5. Explain the most apparent effects of open, shorted, or noisy components on the operation 


of the oscilloscope. 


6. Demonstrate a reasonable approach to problem isolation in oscilloscope high-voltage 


circuits. 


PREREQUISITES 


To meet the objectives of this course, you should have a basic understanding of: 


VACUUM TUBE DEVICES 
SOLID-STATE ACTIVE DEVICES 
OPERATIONAL AMPLIFIERS 
FREE-RUN SINE-WAVE OSCILLATORS 
RECTIFIER ACTION 


Successfully passing the pretest indicates that you are prepared for this course section. 


PRETEST 


1. An oscillator requires some formof__________ feedback. 


A. stabilizing 
B. degenerative 
C. regenerative 


D. corrective 


2. The following configuration is 


A. An inverting operational amplifier 
B. A non-inverting operational amplifier 


C. An oscillator 
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3. The crt is a vacuum tube device that can be turned off by 


A. increasing grid-cathode bias. 
decreasing grid-cathode bias. 


decreasing the anode voltage slightly. 


OO D 


increasing the anode voltage slightly. 


4. Ina common-base amplifier the emitter current is 


A. much larger than collector current. 
B. slightly less than base current. 


C. slightly greater than collector current. 


5. In the following rectifier circuit, the voltage at Eo will 


A. be positive. 
B. be negative. 


C. average to 0. 


Check your answers in the Answer Key at the end of the booklet. 
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Fig. 7-0. Basic Oscilloscope Block Diagram 
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CONCEPTS 





CRT FUNCTIONS 


The crt circuit typically provides the following functions: 


Crt cathode, anode, and filament supplies | 
Regulation for cathode supply 
Focus control 


Blanking and unblanking control 


pu d de. ee I 


Crt alignment controls 





These functions will be dealt with in numerical sequence. Refer to the crt block diagram, 


Fig. 7-1, on the preceding page for the following functional description. 





The crt is the display unit for the oscilloscope system. Visual information is provided by 
bombarding a phosphor material on the faceplate of the crt with electrons emitted by the i 
cathode. These electrons are formed into a beam by the focus and astigmatism control | 
elements and electrostatically deflected by the vertical and horizontal deflection plates. After 


deflection, the beam is accelerated by the high voltage at the anode or face plate of the crt. 


Control of the cathode current provides blanking, unblanking, and intensity control of the crt 
display. Cathode current variations are produced by grid-cathode bias variations. To produce 
a visible display of vertical and horizontal information on the crt, the following sequence 
occurs. The crt grid must move in a positive direction to allow electrons to pass through the 
grid and become attracted by the anode voltage. The focus elements form the electron beam 


into a small spot. 





When difference voltages exist between the vertical deflection plates, the beam is deflected 





vertically. Differential voltages between the horizontal deflection plates cause the beam to be 


deflected horizontally. 
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Other control voltages provide linearity and alignment of the beam with the internal graticule. 
The anode voltage produces post-deflection acceleration to maintain beam trajectory, and 
give the beam the necessary energy to excite the phosphor on the face plate. Variations in 
display brightness are controlled by varying the grid bias level to increase or decrease the 


intensity of the display. 


The cathode, anode, filament, and focus voltages are produced by the high voltage supply 
system. See Fig. 7-1, blocks H3, H4, H5, H6, and H7. This portion ofthe system is comprised of 
an oscillator, a high-voltage transformer, and rectifier circuits. The oscillator generates asine- 


wave voltage in the primary winding of the high-voltage transformer. 


The frequency of the oscillator is determined by the reactive characteristics of the transformer 
and is typically 40 to 50 kHz. This circuit is in block H3 of Fig. 7-1. The transformer has three 
secondary windings that serve the filament supply, the anode and cathode supplies, and 
furnish positive feedback to the oscillator. The filament winding provides approximately 6.3 V 
ac to the crt filament. The cathode and anode supplies are both derived from a step-up winding 


that produces approximately 2500 V ac in this oscilloscope. 


This 2500 V ac is half-wave rectified to set the cathode at —2450 V dc. See block H6. The anode 
supply is a high-voltage rectifier-multiplier package that sets the anode voltage at ap- 
proximately 12000 V dc. See H4. The focus supply is formed by a divider fed by the cathode 
supply and produces a voltage of approximately —1700 V dc. See block H7. This voltage is 


dependent on the focus and focus tracking controls. 


It is important that the cathode-supply voltage be maintained at a constant level. This is 
accomplished by controlling the oscillator output amplitude. See Fig. 7-2. The crt cathode 
voltage is fed back through a precision divider, consisting of R1431C and R1431D, to the input 
of the cathode-supply regulator. The output of the regulator controls the amplitude of 
oscillations produced in the primary winding of the high-voltage transformer. The oscillator is 
driven by feedback from the transformer and current drive from the cathode-regulator 


amplifier. 
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Fig. 7-2. Cathode Supply Regulator 


The cathode-regulator amplifier input is in phase with the cathode-supply voltage. Variations 


in cathode voltage are fed back to point A through R1431D. If the cathode voltage attempts to 


A A E T 
ETS TES 


move in a positive direction, point A moves positive, the amplifier output current increases, and 


== 


| 
| 


the oscillations increase in amplitude. The increased oscillations cause larger secondary 


voltages and the cathode supply moves in a negative direction, cancelling the initial positive- 





going change. 


Negative-going changes at the crt cathode are corrected in the same way. The very high loop 
gain between point A and the cathode rectifier output causes a nulling effect at point A holding 


it near O V. The —2450 V dc level at the crt cathode is determined by the current, lı, through 





R1431D. This current is the algebraic sum of the currents through R1431C and the high- 
voltage control network, l; and ls, respectively. Il; provides for precise setting of the cathode | 
voltage. A limiting circuit within the cathode-regulator amplifier prevents high-voltage | 


runaway and limits cathode voltage to approximately —3000 V dc. 
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Focus voltage is obtained by using the divider shown in Fig. 7-3. The regulated voltage at the 
cathode of the crt is divided down to approximately —1700 V dc at the wiper of R1430. This 
divider is varied by R1430 (front-panel focus) and R1434 (focus tracking). Focus tracking is 
ganged mechanically with the front panel intensity control and produces an automatic focus 
effect. As intensity is increased, the resistance of the unshorted portion of R1434 also 
increases and the focus voltage becomes more negative. The visual result is better focus overa 
wider range of intensity settings without resetting the focus control. This minimizes high 


intensity defocusing of the display. 


“Focus 
Track’ G. 
R1434 






R1431B 


R1430 FOCUS 


— 2450V 


Fig. 7-3. CRT Focus Control 


When the crt is blanked there is no display visible. When the crt is unblanked there is a visible 
display. Blanking and unblanking control of the crt is provided by changing the grid to cathode 
bias voltage. Since the cathode is regulated at —2450 V dc, the grid must be the dynamic 
element. The grid will normally operate at a level that is 40 to 100 V more negative than the 
cathode. As the grid voltage approaches the cathode voltage, the display becomes brighter. 


The display would be very bright with only 40 V of bias, but 100 V of bias would cutthe beam off. 
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Control of the grid to cathode voltage is accomplished by the Z-axis amplifier circuit, block H1 
of Fig. 7-1, on page 7. See Fig. 7-4 for the following discussion. When a sweep is generated, I, 
(approximately 2.6 mA) is provided at the unblanking input. Some of this current, |), is diverted 
to the intensity control, R1460, and the rest, l;, flows through Q1466 and the inverting 
operational amplifier’s feedback resistor, Rr. The result is a positive-going voltage at V out. This 
unblanks the crt. The smaller that |; becomes, the greater I? will become. The larger l; will cause 


a larger V out and a brighter crt display. 


Unblanking current is applied and removed abruptly and the resulting V out will be a step 
function, positive during sweep time to unblank, and returning to quiescence during sweep 
reset and holdoff. Blanking of.the crt can be accomplished by sinking current away from the 
feedback amplifier. When the vertical chop mode is used, (refer to Vertical Amplifier Concepts, 
and channel switching concepts) the unblanking current, |, will be diverted from the feedback 
amplifier during vertical switching time. This blanks the crt during vertical transients. An 


example of normal sweep unblanking follows. 


At the start of sweep, a current step of 2.6 mA is introduced as |, at the unblanking input. If the 
intensity control, R1460, is set to sink away 1.6 mA of current, the remaining 1 mA of current 
would flow through Q1466, R1468, and R1469 to produce a positive-going 26 V step at the 
output of the amplifier. V out, which equals lz x 26 k, will be equal to 26 V/mA of lz. This voltage is 
coupled to the grid of the crt to unblank the crt. At the end of sweep, the output of the amplifier 


would produce a negative-going step of voltage that would blank the crt. 


INTENS. 





R1468 & R1469 
26k 








R1462 Vout =15X Re 
UNBLKG. 
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Fig. 7-4. Z-Axis Amplifier 
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STUDY AID QUESTIONS 


1. The only directly regulated supply voltage generated in the crt circuit is the 
supply. 
a) cathode 


b) filament 


c) anode 


2. The focus control circuit voltage is provided by 


a) the low voltage power supply. 
b) the anode supply. 

c) the cathode supply. 

d) the filament supply. 


3. The high voltage oscillator 


a) runs only when the Z-axis signal is available. 
b) supplies the cathode and anode voltages. 
c) runs at line frequency. 


d) is adjusted to a very precise frequency. 


4. |f l2 in Fig. 7-4 were 1.5 mA, the voltage at V out would be 
a) 39 V 


) 

b) 24 V 

c) 52V 

d) 65 V 

NOTE 


Current arrows indicate the direction of electron flow. 


Check your results in the Answer Key at the end of this booklet. 
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WORK SPACE FOR STUDY AID QUESTIONS 
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DC RESTORER CONCEPTS 


In the previous example of unblanking and blanking the crt, we coupled the output of the Z-axis 
amplifier, V out, to the grid of the crt. If you will now refer to Fig. 7-5, you will note that this 
coupling is actually made through a capacitor, C1487. Direct coupling between V out and the 
grid is impossible because of the large voltage difference between these points. Since the level 
established on the grid at the start of sweep must remain constant during the entire sweep, itis 
necessary that we provide what appears to be dc coupling between V out and thecrt grid. This 


is accomplished by using a dc-restorer circuit. Also see Fig. 7-6, block H5. 


Rp- 26k 







Z-AXIS AMPLIFIER 





CR 1482 


C1420 


CATH. æ 2450y 





BIAS 


Vout 


Fig. 7-5. Simplified DC Restorer 
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Looking at Fig. 7-5, you can see that the dc restorer is simply a rectifier circuit with a limiter at 
the input. It will rectify difference voltages and store them on C1487 to provide a dc voltage 
level at the grid of the crt. A 300 V peak-to-peak sample of the 40-50 kHz sine wave will be 
picked off from pin 3 of T1420. This sine wave is limited by clipper diodes CR1482 and CR1483 
to levels controlled by V out and the grid bias setting respectively. The difference in voltage 
between these two levels will appear at the junction of CR1482 and CR1483. C1487 is initially 
charged to —2450 V plus the difference voltage just referred to. CR1488 provides the initial 
charge path | to precharge C1487 and C1488 to —2450 V. CR1487 will rectify negative 


excursions at the junction of CR1482 and CR1483 to produce additional negative charge on 


C1487. 


Here is an example of restorer operation. Initially we will set conditions prior to sweep 
generation. Crt bias might be set to provide 4-100 V at the cathode of CR1483. The intensity 
control is set to provide +20 V dc at V out and the anode of CR1482. As the sine wave from pin 3 
of T1430 swings positive, it will be clamped at +100 V by CR1483. Negative excursions will be 
clamped at +20 V by CR1482. We now have a peak-to-peak signal at the junction of CR1482 


and CR1483 that is 80 V in amplitude. See Fig. 7-5, waveform a. 


Negative excursions of the signal will be rectified by CR1487 and add additional negative 
charge on the grid side of C1487. In this case the voltage on C1487 will be the initial —2450 V 
(cathode voltage) minus 80 V differential, for a total voltage of —2530 on the grid side. This sets 
the grid voltage 80 V more negative than the cathode and the crt is blanked. When the sweep 
starts, an unblanking current, l;, will produce a positive step at V out. Let's assume that V out 
goes positive to 7-70 V. See Fig. 7-5, waveform b. The 50 V change is coupled through C 1487 to 
the grid of the crt and unblanks the crt. The restorer responds, to maintain this 50 V change at 
the crt grid, by setting anew voltage at the junction of CR1482 and CR1483. Positive excursions 


will still be limited to +100 V, but negative excursions will now limit at +70 V. 


The new differential is now only 30 V and C1487 will now charge through CR1487 to —2480 V 
and maintain this level on the grid during sweep time. The new bias condition makes the grid 
only 30 V more negative than the cathode and the crt would remain unblanked until the end of 
sweep. When the sweep ends, V out will return to +20 V, coupling a 50 V negative-going step to 
the grid of the crt, immediately blanking the crt. The 80 V differential would again be 
established, C1487 would again change to —2530 V, and the crt would remain blanked. 


15 











CRT Concepts 


16 


If you'll refer to Fig. 7-1, you'll notice that each of the major blocks is identified with an 
alphanumeric code. Each of these codes refers to an area on the CRT schematic, Fig. 7-6. By 
referring to these codes you can easily identify the actual components which relate to the block 


diagram function. 


Z-AXIS AND BEAM FIND 


Refer to Fig. 7-6, block H1, for the following discussion of the action of the Z-axis amplifier 
during beam find operation. When the Beam Find button is pushed, switch S400 is activated. 
+15 V is connected through CR1465 to the emitter circuit of Q1466, turning it off and blocking 
the normal Z-axis input current from the operational amplifier. S400 also removes the ground 
connection at the junction of R1470 and R1477. An auxiliary current through R1470 and R1477 
flows into the operational amplifier, and the amplifier output, TP1486, establishes a 25 V dc 


level that is sufficient to unblank the crt. 


In beam find, the Z-axis is forced to unblank the crt during the time that the beam finder is being 
used. This allows the operator to determine the location of the vertical and horizontal 
deflection systems on the crt, even though unblanking signals are not present or the intensity 


control is turned off. 


ALIGNMENT 


Refer to the schematic, Fig. 7-6, for the following explanation of crt alignment circuits. 


The astigmatism control is used in conjunction with the focus control to provide optimum 
focus of the crt beam. It is a simple variable divider, and sets a dc voltage on an element of the 


crt. 


The Y-axis alignment control is used to provide vertical orientation of the beam to make it 
coincide with the internal graticule. It is comprised of a current source of either positive or 
negative polarity and a coil. This combination produces a variable magnetic field in the crt that 


acts on the beam just after vertical deflection but prior to horizontal deflection. 
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The geometry control linearizes the deflection factors of the crt over the entire graticule area. 
The geometry control voltage is supplied by a variable voltage divider. The control voltage is 


usually connected to a shield around one set of deflection plates. 


Trace rotation is used to align the crt beam with the internal graticule. It functions in the same 
matter as Y-axis alignment. Trace rotation is introduced after vertical and horizontal deflection 
have occurred and will influence both the X and Y axes of the crt. As in the Y-axis alignment 
circuit, a reversible magnetic field is produced by a coil that is supplied with either positive or 


negative current. 


CRT TROUBLESHOOTING 


The following flow charts are intended to aid the technician in following a logical sequence to 
isolate problems inthe crt circuit to the block level. Once a problem has been isolated to a given 
block, the technician should investigate the circuitry, within that block, for faulty components, 


n" n 


"opens," "shorts," etc. 


The flow charts deal with the two major categories of crt circuit failure. 


1. Problems where the crt is not unblanking to display vertical and horizontal information, 


even though the vertical and horizontal systems are functioning normally. See Fig. 7-7. 


2. Problems where unblanking is always present and there is no control of the intensity of the 


display. See Fig. 7-8. 


Review the troubleshooting flow charts and then work the CRT Concepts Quiz. 
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QUIZ 


Fill in the letter that correctly completes the statement. 


. Cathode supply regulation is accomplished by changing the... . . oscillation at the 


collector of Q1418. Refer to Crt Schematic page 13, Fig. 7-6. 


A. Frequency of 
B. Amplitude of 
C. Polarity of 


If the high voltage control is turned to a more positive setting, the cathode voltage will 


become more |. . . ... Refer to Fig. 7-2 of crt concepts section. 


A. positive 
B. negative 
C. stable 


If the focus tracking control is turned clockwise, increasing the value of R1434 in the circuit, 


the result will be a more negative voltage at the crt 1  — . . Refer to Fig. 7-3. 


A. cathode 
grid 
focus element 


filament 


moo m 


anode 


If the focus control is turned to make the focus element more negative, the wiper must move 
. Refer to Fig. 7-3. 


A. up 
B. down 


C. quickly 
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In conventional oscilloscopes, the vertical and horizontal deflection of the crt beam is 


accomplished _. 


A. eletromagnetically 


B. electrostatically 


The crt focus voltage is controlled by the front panel focus control and 


A. remains fixed after front panel focus is set. 
B. varies with crt grid bias settings. 


C. varies with intensity settings. 


. When a sweep is generated, unblanking current _________ be provided to the Z-axis 


amplifier. 


A. will 


B. will not 


. When an unblanking current of 2.6 mA is provided atthe unblanking inputand the intensity 


control is adjusted to require .6 mA, the output of the Z-axis amplifier should rise 


volts. 


A. 26 
B. 80 

C. 52 

D. 30 

If the setting of R1480 and the 75V Zener, VR1484 provide 90 V at the cathode of CR1483 and 
the Z-axis output, TP1486, is at 20 V, the signal at the junction of CR1482 and CR1483 


should be _________ volts. Refer to crt schematic, Fig. 7-6. 


A. 30V 
B. 50V 
C. 70V 
D. 90V 
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10. If the trace were aligned with the center horizontal line of the crt, but vertical information 


was not aligned, this could be corrected by adjusting 


A. astigmatism 
B. trace rotation 
C. graticule on the crt 


D. Y-axis alignment 





Check your results in the Answer Key at the end of the booklet. 
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SUMMARY 


Well, how did you do? We recommend you review the course material for any concepts you are 
uncertain about. We also recommend you read the circuit description in the 465 manual and 
listen to the CRT Circuit Description portion of the audio tape. An audio tape index is provided 


on the next page. 


We recommend the following instruments for further study of CRT concepts and circuits: 455, 
475, 7403, 7603. See your Tektronix representative for information on available manuals and 


Circuit description tapes for these instruments. 


This concludes Section V and we recommend you take a break before starting Section VI. 
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CASSETTE TAPE 
INDEX 


465 CKT DESCR 


Min. from start 


0 
10 
41 


21 
36 


15 
18 
23 
25 
29 
35 


Introduction and Block Diagram 
Channel 1 and 2 Preamplifier 


Vertical Switching 


Vertical Switching Cont's 
Vertical Output Amplifier IC 


Vertical Output Amplifier Discreet 


. Vertical Output Amplifier Discreet 


A and B Trigger Generators 
Introduction—A and B Sweep Generators 
Introduction—Sweep and Z-Axis logic 
Intorduction—" A" Trigger Gen. TD's 
Sweep—Sequence of Events 

"A" Trigger TD Circuit—Detail Desc. 


"A" Sweep Generator—Detail Desc. 


"A" Sweep Generator— Continuation 

A and B Timing Switch 

Sweep and Z-Axis Logic 

Sweep and Z-Axis Logic-Delaying Sweep 
"B" Trigger Generator-Runs After Delay 
MIXED—Horizontal Mode 


Min. Per Subject 


SIDE A, 1 of 4 

10 

31 

5 
SIDE B, 1 of 4 

21 

15 

10 
SIDE A, 2 of 4 


SIDE B, 2 of 4 
1 
3 
#8 13 
#8 19 
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13 
17 


14 
25 
31 
36 
40 


"A" Gate and Z-Axis Drive (unblanking Gate) 
"A" Horizontal Mode 

DLYD-Horizontal Mode 

Mixed and Inten Modes (unblanking) 


Horizontal Amplifier 


Crt—Intorduction 

Z-Axis Amplifier and Unblanking Inputs 
Hv Oscillator and Regulator Circuit 

Crt Grid Supply (Dc Restorer) 

Focus and other Crt Controls 
Calibrator 


Fan Motor Control Circuit 


Fan Motor Control— Contd 
"A" Trigger View 
Power Supply 


Power Supply—Continuation 


Low-Line Indicator 


GLOSSARY 


OSCILLOSCOPE TERMINOLOGY 


ACCELERATING VOLTAGE—The cathode-to-viewing-area voltage applied to a cathode ray 


tube for the purpose of accelerating the electron beam. 


SIDE A, 3 of 4 
8 
1 
4 
4 
26 
SIDE B, 3 of 4 
1 
13 
11 
10 
5 
4 
5 
SIDE A, 4 of 4 
1 
4 
24 
SIDE B, 4 of 4 
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ASTIGMATISM—In the viewing plane of the cathode-ray tube, any deviation of the indicating 


spot from a circular shape. 


introducing distortion. 


J ATTENUATOR-A device for reducing the amplitude of a signal without deliberately 
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BEAM FINDER—A provision for locating the spot when it is off-screen. 


BLANKING—Extinguishing of the spot. Retrace blanking is the extinction of the spot during 
the retrace portion of the sweep waveform. The term does not necessarily imply blanking 


during the holdoff interval or while waiting for a trigger in a triggered-sweep system. 


BRIGHTNESS—The attribute of visual perception in accordance with which an area appears 


to emit more or less light. 


CHOPPED DISPLAY—A time-sharing method of displaying output signals of two or more 


channels with a single cathode-ray tube gun. 


CHOPPING TRANSIENT BLANKING—The process of blanking the indicating spot during the 


switching periods in chopped display operation. 


COMMON-MODE SIGNAL—The instantaneous algebraic average of two signals applied toa 


balanced circuit, both signals referred to a common reference. 


CONVENTIONAL MODE—That mode of operating a storage tube where the display does not 


store but perform with the usual phosphor luminance and decay. 


DEFLECTION BLANKING—Blanking by means of a deflection structure in the cathode-ray 
tube electron beam inside the gun to extinguish the spot, permitting blanking during retrace 


and between sweeps regardless of intensity setting. 


DEFLECTION FACTOR— The ratio of the input signal amplitude to the resultant displacement 


of the indicating spot (for example, volts/division). 


DUAL-TRACE—A multi-trace operation in which a single beam ina cathode-ray tube is shared 


by two signal channels. See alternate display, chopped display and multi-trace. 


FOCUS—Maximum convergence of the electron beam manifested by minimum spot size on 


the phosphor screen. 
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GAUSSIAN RESPONSE—A particular frequency response characteristic following the curve 
y(f) = e’. Typically, the frequency response approached by an amplifier having good 


transient response characteristics. 


GEOMETRY—The degree to which a cathode-ray tube can accurately display a rectilinear 
pattern. Generally associated with properties of a cathode-ray tube; the name may be given to 


a cathode-ray tube electrode or its associated control. 


GRATICULE—A scale for measurement of quantities displayed on the cathode-ray tube of an 


oscilloscope. 


INTENSITY MODULATION—The process and (or) effect of varying the electron-beam current 


in a cathode-ray tube resulting in varying brightness or luminance of the trace. 


INTERNAL GRATICULE—A graticule whose rulings are a permanent part of the inner surface 


of the cathode-ray tube faceplate. 


MULTI-TRACE—A mode of operation in which a single beam in a cathode-ray tube is shared 


by two or more signal channels. See dual-trace, alternate display and chopped display. 


RESOLUTION—A measure of the total number of trace lines discernible along the coordinate 


axes, bounded by the extremities of the graticule or other specific limits. 
RISE TIME—In the display of a step function, the interval between the time at which the 
amplitude first reaches specified lower and upper limits. These limits shall be 10% and 90% of 


the nominal or final amplitude of the step, unless otherwise stated. 


ROLL-OFF—A gradually increasing loss or attenuation with increase or decrease of frequency 


beyond the substantially flat portion of the amplitude-frequency response characteristic of a 


system or transducer. 


SIGNAL DELAY—In an oscilloscope, the time required for a signal to be transmitted through a 
channel or portion of a channel. The time is always finite, may be undesired, or may be 


purposely introduced as in a delay line. 
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UNBLANKING—Turning on of the cathode-ray-tube beam. 


CATHODE-RAY TUBE PHOSPHOR DATA 


HUMAN EYE RESPONSE 


An important factor in selecting a phosphor is the color or radiant energy distribution of the 
light output. The human eye responds in varying degrees to light wavelength from deep red to 
violet. The human eye is peaked in its response in the yellow-green region and falls off on either 
side in the orange-yellow area and the blue-violet region. The eye is not very receptive to deep 


blue or red. 





If the quantity of light falling on the eye is doubled, the brightness "seen" by the eye does not 
double. The brightness of a color tone as seen is approximately proportional to the log of 


energy of the stimulus. 


The term luminance is the photometric equivalent of brightness and is based upon 
measurements made with a sensor having a spectral sensitivity curve corrected to that of the 
average human eye. The unitcommonly used for luminance measurements is the foot-lambert. 
The term luminance implies that data has been measured in a manner, or has been so 
corrected, to incorporate the CIE standard eye response curve for the human eye. CIE is an 
abbreviation for "Commission Internationale de l'Eclairage" (International Commission on 
illumination). The luminance graphs and tables are therefore useful only when the phosphor is 


being viewed visually. 


PHOSPHOR BURNING 


When a phosphor is excited by an electron beam having an excessively high current density, a 
permanent loss of phosphor efficiency may occur. The light output of the damaged phosphor 


will be reduced and in the extreme cases complete destruction of the phosphor may result. 





Darkening or burning occurs when the heat developed by electron bombardment cannot be 


dissipated rapidly enough by the phosphor. 
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The two most important and controllable factors affecting the occurrence of burning are 
beam-current density (controllable with the Intensity, Focus, and Astigmatism controls) and 
the length of time the beam excites a given section of the phosphor (controllable with the 
Time/Div control). Under normal conditions in crt’s with grid unblanking, the quiescent 


voltage on the control grid will hold the tube in cutoff and no spot will be present on the screen. 


The typical phosphor is about 10% efficient. This means that of the total energy from the beam, 
90% is converted to heat and 10% to light. A phosphor must radiate the light and dissipate the 
heat; or as any other substance, it will burn. Remember, burning is a function of intensity and 


time. Keeping intensity down or the time short will save the screen. 


For more specific information regarding the best-suited phosphor for your particular 
applications, please confer with your Tektronix Representative. He will know the factors that 
must be considered in selection of a phosphor for any given application. For example, P11 is 
excellent for waveform photography but due to its short persistence, it is not well suited for 


application requiring visual observation of low-speed phenomena. 


Phosphors are rated in several parameters, such as color of fluorescence or phosphorescence, 


decay, etc. The following table describes the more commonly used phosphors. 
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Le 


Pho- Flu- 
sphor orescence 


Yellowish- 


PHOSPHOR DATA CHART 


Relative 

Phosphorescence Photo- 
Where Different graphic 
from Relative Writing 
Fluorescence luminance A Speed B 


Yellowish-green 


Yellowish-green 


Relative 
Burn 





A Taken with a Spectra Brightness Spot Meter which Incorporates a CIE standard eye filter. 
Representative of 10 kV aluminized screens. P31 as reference. 

B P11 as reference with Polaroid 410 film. Representative of 10 kV aluminized screens. 
Low level lasts over one minute under conditions of low ambient illumination. 











Comments 


Replaced by P31 in 
most applications. 


Good compromise 
for high-and low- 
speed applications 


Television 
displays. 


Long decay, double 
layer screen. 


For photographic- 
applications. 


Very short decay 
for flying-spot- 
scanner use. 


General purpose, 
brightest available 
phosphor. 
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ANSWER KEYS 


Pretest 


1. C. 
2. A. 
3. B. 
4. C. 
5. A. 


Study Aid 


1. a) cathode 

2.c) the cathode supply 

3. b) supplies the cathode and anode voltages 
4.a) 39 V 
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